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Autonomous self-pollination is surprisingly common among orchids and is thought to provide reproductive assurance when pollinators are scarce.
During investigations of the reproductive biology of the orchid genus Eulophia, consistently high rates of capsule set were observed in Eulophia
clavicornis var. clavicornis, E. c. var. inaequalis, E. c. var. nutans and E. tenella. A breeding system experiment showed that E. c. var. nutans is capable
of autonomous self-pollination. Emasculated flowers of this taxon did not set fruit, suggesting that agamospermy is unlikely. The likely mechanism of
autonomous self-pollination in these taxa was identified as the partial or complete absence of rostellum tissue, allowing contact between pollinia and
stigmatic fluid, and thus for pollen tubes to grow from in situ pollinia to the ovules. In some individuals, basal flowers on an inflorescence possess intact
rostellae and functional pollinaria, whereas distal flowers lack pollinia. Neither of these two flower classes set capsules. A few individuals of the
otherwise outcrossing E. zeyheriana, which normally have well-developed rostellae, show evidence of autonomous self-pollination resulting from
interrupted rostellae in these plants. Other outcrossing Eulophia species (E. speciosa and E. streptopetala) sometimes show high levels of fruit set,
seemingly without insect visitation. However, investigations showed that these are pseudo-fruits lacking seeds and are a result of insect parasitism.
Therefore, high levels of fruit set alone should not be used to infer autonomous self-pollination in orchids.
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1. Introduction Automatic (i.e. vectorless) self-pollination, which usuallyDarwin (1867) wrote extensively about adaptations such as
pollinarium reconfiguration (Peter and Johnson, 2006a) that
prevent self-pollination in orchids, and was especially troubled
by the situation in Ophrys apifera and 23 other species of orchids
known at that time to undergo autonomous self-pollination. He did,
however, recognise that self-pollination in plants might be
adaptive, providing reproductive assurance under conditions of
pollinator and mate limitation (Darwin, 1876; Lloyd, 1992),
although there is conflicting empirical evidence to support this
contention (Herlihy and Eckert, 2002; Kalisz et al., 2004). Such
conditions, particularly pollen limitation, are known to be frequent
among deceptive orchids (Neiland and Wilcock, 1998; Tremblay
et al., 2005; Smithson, 2006).⁎ Corresponding author. Department of Botany, Rhodes University, PO
Box 94, Grahamstown 6140, South Africa. Tel.: +27 46 6038598.
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0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2009.07.007occurs when anthers come into contact with stigmas or when
pollen falls onto the stigma, is normally referred to as
“autonomous autogamy” or “autonomous self-pollination”
(Richards, 1986). The use of the more general term “self-
pollination” is equivocal, including both autonomous self-
pollination as well as self-pollination within single hermaphro-
dite flowers mediated by pollinators. Self-pollination between
different flowers on an individual is unambiguously known as
geitonogamy. Cleistogamy is widely and consistently used to
describe automatic self-pollination within unopened buds.
However, self-pollination within a single flower, either through
the services of a pollinator or through the action of the floral
organs, is often referred to under the catch-all term “autogamy”.
Thus we use the term “autonomous self-pollination” throughout
this paper to refer to within-flower self-pollination that occurs
without the aid of an animal vector.
Autonomous self-pollination has been known in orchids
since 1833 when Brown described the phenomenon inO. apiferats reserved.
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autonomous self-pollination in the orchids showed that autono-
mous self-pollination occurs in all orchid subfamilies and the
majority of tribes and subtribes, with 350 species known at that
time to possess mechanisms of autonomous self-pollination. A
review of subsequent peer-reviewed articles, combined with the
list of autonomously self-pollinating species compiled by Catling
(1990) and Van der Cingel (1995, 2001), provides a more
complete estimate of the importance of autonomous self-
pollination in the Orchidaceae (Peter, 2009). This analysis
suggests that autonomous self-pollination is common in the
family, making up 31% of the species in which pollination
systems are known, and raises the number of autonomously self-
pollinating orchid species to 395 (Peter, 2009).
In the tribe Cymbidieae, autonomous self-pollination has been
recorded in a number of species includingOeceoclades maculata
(Gonzalez and Ackerman, 1988) and Eulophia alata (Catling,
1990). In these species the stipe of the pollinarium bends
sufficiently for the pollinia to be deposited over the rostellum (the
small flap of tissue separating the stigmatic cavity from the area
under the anther cap housing the two pollinia) and onto the
stigma. In addition, Williamson (1984) documented autonomous
self-pollination as a result of the absence of rostellar tissue in eight
Eulophia species from west Africa, although two of these taxa
were subsequently reduced to synonymy by Thomas (1998).
While working on the pollination biology of the South African
species of Eulophia and Acolophia, we have examined 29 taxa
(mostly species but also including a number of subspecies or
varieties as defined by Hall (1965)), many of which are pollinated
by beetles or bees (Peter and Johnson, 2006b; Peter and Johnson,
2008; Peter, 2009; Peter and Johnson, 2009, this issue). Four taxa
consistently showed very high levels of fruit set across different
sites and different years, suggesting the possibility that these
species might undergo autonomous self-pollination as has been
described in other species of Eulophia (Williamson, 1984). In
addition, very high fruit set indicative of autonomous self-
pollination was also observed in some individuals or populationsFig. 1. Inflorescences of (A) Eulophia clavicornis var clavicornis; (B) E. clavicornis
autonomous self-pollination. Bar=10 mm.of species known to be outcrossing. We therefore set out to
determine 1) the occurrence and 2) themechanism of autonomous
self-pollination in these taxa.
2. Materials and methods
2.1. The study taxa and sites
This study deals with four taxa that appear to undergo auto-
nomous self-pollination. Three of these taxa were treated at varietal
level by Hall (1965), namely E. clavicornis Lindl. var. clavicornis
(Fig. 1A), E. c. var. inaequalis (Schltr.) A. V. Hall and E. c. var.
nutans (Sond.) A.V. Hall (Fig. 1B) and the fourth, E. tenella
Rchb. f. (Fig. 1C), at species level.
Some individuals of a number of species that are known to be
outcrossing were seen to develop numerous capsules, seemingly
without being pollinated as there is no evidence of pollinator
mediated pollinia deposition on the stigmas of these flowers.
These include E. speciosa, E. streptopetala and E. zeyheriana.
These are all species known to be primarily insect-pollinated, as
described by Peter (2009) and Peter and Johnson (2008). The
basis for this phenomenon was also investigated.
Observationswere conducted at a variety of sites in the Eastern
Cape and KwaZulu-Natal provinces of South Africa (Table 1). In
most cases these study sites were recently burnt grasslands with
large to very large population of the study taxa although some
populations of E. clavicornis var. clavicornis and E. c. inaequalis
were small or dispersed (smaller populations are indicated in
Table 1). E. streptopetala occurs in scrubby vegetation along the
margins of forests.
2.2. Mechanisms of autonomous self-pollination
The gynostemia of all flowers on either fresh or preserved
unbagged inflorescences were examined with a dissecting
microscope and imaged digitally. Additional imageswere collected
using scanning electron microscopy and macro photography.var nutans and (C) E. tenella showing very high rates of fruit set consistent with
Table 1




Port Elizabeth a; Grahamstown a; Vernon Crookes NR;
Mount Gilboa a, Howick; Balgowan; Drummond;
Stockville Valley and Krantzkloof NRa, Kloof, Durban
E. clavicornis
var. inaequalis
Pietermaritzburg; near Balgowan a
E. clavicornis
var. nutans
Garden Castle; Cobham; Sani Pass; Himeville;
Farm Wahroonga
E. tenella Mountain Drive, Grahamstown; Standerwick Farm,
Port Alfred
E. speciosa Bayhead Natural Heritage Site, Durban
E. streptopetala Bathurst State Forest near Grahamstown a
E. zeyheriana Ugie a; Sani Pass a
a Small populations of between 1 and 10 plants.
Table 2









(n=9)1 (n=12) (n=19) (n=13)
Capsule set 100% 100% 100% 0%
Capsule and seed
mass (g)
0.130 a 0.120ab 0.095 b No fruit set
Seed mass (g) 0.029 0.03 0.023 No seed set
% fertile 46.5ab 58.1 a 40.1 b No seed set
1n indicates flowers and inflorescences as no more than one of each treatment
were conducted per inflorescence.
Means that share superscript letters are not significantly different (ANOVA,
followed by Tukey multiple range test).
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well as an autonomously self-pollinating form of E. zeyheriana,
the percentage of flowers in each of four categories (presence or
absence or rostellum combined with presence or absence of
pollinia—see Fig. 3) was determined using a dissecting
microscope. Samples were drawn from all populations given
in Table 1. Flowers were also scored for fruit set as, in all but the
most recently opened flowers, it was possible to determine
whether or not a capsule was being produced by the state of the
ovary, which swells rapidly following pollination. Flowers from
each taxon were combined across inflorescences and sample
sizes of inflorescences and flowers are given in Fig. 3. A chi-
square contingency test was used to compare the frequency of
flowers setting fruit versus those that did not set fruit across
each of the four categories.
2.3. Breeding systems and manipulations
Breeding system experiments were attempted for E. c. clavi-
cornis, E. c. nutans and E. tenella (Table 2). The flowers of
previously bagged inflorescences were self-pollinated with
pollinia from other flowers on the inflorescence, cross-
pollinated with pollinia from other plants at least 1 m away,
or left unmanipulated to test for autonomous self-pollination.
Treatments were restricted to the basal hermaphrodite flowers
(see below). In addition, some flowers were emasculated to test
for agamospermy. In most cases, one of each treatment was
conducted per inflorescence.
In the case of E. c. clavicornis the vast majority of
inflorescences were parasitized by lepidopteran larvae, while in
the E. tenella experiment, hot dry weather followed the
experimental manipulations and all but one inflorescence wilted
well before the capsules had matured. These experiments were
therefore terminated and only the breeding system experiments
for E. c. nutans were completed. The mature, but indehiscent
capsules produced were weighed, as was the mass of seeds
produced. A sub-sample of seeds was examined under a
dissecting microscope and the percentage of fertile and infertile
seeds determined by visual inspection for the presence or absence
of embryos.2.4. Insect parasitism
Individuals of known outcrossing species (E. streptopetala
and E. speciosa, Table 1) with unusually high rates of capsule
set were collected and preserved in 70% ethanol. The fruit of
these plants were later dissected and the content of the capsules
examined under a dissecting microscope.
3. Results
3.1. Occurrence
Only plants of E. c. clavicornis, E. c. nutans, E. c. inaequalis
and E. tenella consistently display an autonomous self-
pollination mechanism as described below and show high
rates of capsule set (Fig. 1). One individual of the normally
outcrossing E. zeyheriana from Sani Pass in the Drakensberg
and a small group of plants of this species from Ugie in the
southern Drakensberg also exhibit autonomous self-pollination.
3.2. The mechanism of autonomous self-pollination
Eulophia c. clavicornis, E. c. nutans, E. c. inaequalis and
E. tenella as well as a few isolated individuals of E. zeyheriana
all share a common mechanism of autonomous self-pollina-
tion. This entails the complete or partial absence of the
rostellum in many flowers of these four taxa. The absence of
rostellar tissue allows the pollinia to come into contact with the
stigmatic fluid, causing them to swell (often distorting the
anther cap tissue) and the pollen tubes to grow en masse into
the stigma. In most cases observed, the tissue of the anther cap
is firmly attached to the tip of the gynostemium and it is
unlikely that an insect visiting the flower would succeed in
removing the pollinarium.
There are a number of subtle variations on this basic
mechanism. In E. tenella the lower flowers of many inflor-
escences appear functional, with an intact rostellum as well as
functional pollinaria that in some cases can be removed from the
flower, although no evidence of pollinaria removalwas seen in the
numerous flowers inspected (Fig. 2A).
Fig. 2. Gynostemium of E. tenella showing the range of rostellum reduction from (A) with an intact rostellum; (B) Rostellum with one gap present (arrow);
(C) rostellum with two gaps (arrows) allowing pollinia to swell and pollen tubes to grow into the stigma; (D) freshly opened flower with rostellum completely absent
and the flower producing only one pollinium directly in the stigmatic fluid and (E) flower from near the distal end of the inflorescence with no pollinia produced and
the rostellum completely absent. Bar=0.1 mm.
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mechanism of a degenerate rostellum although the degree of
degeneration varies from flower to flower. Lower flowers
typically only have a small gap in the rostellum allowing only
one of the paired pollinia to grow into the stigma (Fig. 2B). Some
flowers have two gaps corresponding with each of the pollinia,
which can then grow onto the stigma (Fig. 2C). Most commonly,
the flowers higher up the inflorescence lack a rostellum altogether
and the pollinia are in close proximity to the stigma, allowing for
rapid autonomous self-pollination (Fig. 2D). The upper-most
flowers lack a rostellum but frequently also do not develop
pollinia, and fail to set capsules (Fig. 2E).
Only flowers that lack a rostellum but possess pollinia go on to
produce capsules (Fig. 3). These flowers represent the majority
(66 to 87%) of flowers produced on the inflorescences of the four
taxa examined as well as the individuals of E. zeyheriana that
appear to undergo autonomous self-pollination. Less commonly
(11 to 28%) flowers lack a functional rostellum but also do not
produce pollinia. None of these flowers produce capsules. In all
taxa, a small proportion of basal flowers appear to be functional
for outcrossing by insects, with an intact rostellum and one or
more pollinia present. None of these flowers in any of the five taxaproduced capsules indicating the absence of suitable pollinators.
A few flowers of E. c. clavicornis had functional rostellae but did
not produce pollinia. None of these flowers subsequently set fruit
(Fig. 3A).
3.3. Insect parasites cause capsule development
High rates of fruit set were also recorded in a few individuals
of E. streptopetala (Fig. 4A) and E. speciosa (Fig. 4B), both of
which are outcrossing, deceptive, bee-pollinated species which
typically have low levels of capsule set (Peter, 2009). This
phenomenon was only observed in one population of each of
these species.
The development of capsules in these unpollinated flowers in
these populations is apparently caused by parasitizing insect
larvae that are present in large numbers in the ovaries of the
flowers of these plants (Fig. 4C). The flowers concerned showed
no signs of insect visitation, with pollinaria still present and no
pollinia deposited on their stigmas. In addition, these species have
large flowers with a well-developed rostellum, excluding the
possibility of autonomous self-pollination described above. In
affected flowers, the ovary swells to about the third of the size of a
Fig. 4. Insect larvae parasitize the ovaries of some species ofEulophia causing most
flowers on an inflorescence to develop capsules. This has been observed in
(A) E. streptopetala and (B) E. speciosa. Large numbers of these larvae are found in
the ovaries of parasitized flowers such as this E. speciosa flower (C). Bar: A and
B=10 mm, C=1 mm.
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flowers would normally senesce. In the examples examined,
most flowers on affected plants develop these pseudo-fruit
(Fig. 4A, B).
Given the early stage of development of these larvae it was not
possible to determine whether these are Dipteran or Hymenop-
teran larvae (A. Kirk-Sprigg pers. comm.).
3.4. Breeding system experiment
Controlled pollination experiments involving E. clavicornis
var. nutans show no difference in capsule set between bagged
self-pollinated, cross-pollinated and unmanipulated flowers of
this taxon. However capsule mass and seed mass was
significantly higher in the manually self-pollinated treatment
than in the autonomous self-pollination control. The percentage
of fertile seeds in cross-pollinated fruits was significantly
higher than in auto-pollinated fruits. Emasculated flowers
failed to set fruit, suggesting that agamospermy is unlikely
(Table 2).Fig. 3. Percentageof flowerswith (+) andwithout (−) pollinia and functional rostellum
tissue in the four autonomously self-pollinating taxa as well as the autonomously self-
pollinating individuals ofE. zeyheriana. Only flowerswithout a rostellumorwith gaps
in their rostellum (rostellum−) that produce one ormore pollinia (pollinia +; grey bars)
go on to produce capsule in these five taxa. The number in or above each bar refers to
the sample number of flowers. Chi-square values compare the frequency of flowers
setting fruit versus flowers that did not set fruit across each of the four categories.
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The mechanism of autonomous self-pollination described
here—reduced rostellae allowing contact between the stigmatic
secretions and the pollinia—appears to be the same as that
reported for other Eulophia species by Williamson (1984). The
absence of rostellar tissue allowing contact between stigmatic
fluid and pollinia (mechanism 5a of Catling, 1990), is by far
most common mode of autonomous self-pollination in the
orchids and is found in 52% of the 174 species studied by
Catling (1990). However, some of the taxa described by
Williamson (1984) showed evidence of a different mechanism
in which the intact rostellum produces a stigmatic secretion that
stimulates the germination of pollen tubes from the pollinia
(mechanism 5b of Catling, 1990).
Because of the current absence of a phylogeny for Eulophia, it
is impossible to precisely determine the number of independent
origins of autonomous self-pollination in the genus. The varieties
of Eulophia clavicornis, E. tenella and E. zeyheriana are likely to
belong to the same clade (although autonomous self-pollination
may have had independent origins in this clade). We suspect that
some of the species studied by Williamson (1984) are also from
this clade, but this remains speculative. Autonomously self-
pollinating species tend to have a similar appearance (based on
their reduced floral displays) and were therefore often misplaced
in older phylogenies based onmorphological characters (Bytebier
et al., 2007).
Catling (1990) and Gonzalez and Ackerman (1988) describe
autonomous self-pollination in E. alata and the related O. macu-
lata respectively. Autonomous self-pollination in these two species
is achieved through the action of the stipe that bends to move the
pollinia to make contact on the stigma (mechanism 4d of Catling,
1990). This is compatible with what is known of the bending
mechanism of pollinaria reconfiguration in other Eulophia species
(Peter, 2009) that serves to reduce self-pollination in many orchids
(Peter and Johnson, 2006a).
The results of the breeding system experiments conducted on
E. c. nutans (Table 2) suggest that agamospermy, the other possible
explanation for the high rates of capsule set, is unlikely but we
cannot exclude processes such as pseudogamy which require
pollination to induce agamospermy (Richards, 1986). In addition, a
number of terminal flowers of each of the five taxa examined
lacked pollinia and failed to produced capsules (Fig. 3). These
natural emasculation experiments also suggest that agamospermy
is unlikely in these taxa.
This study, together with that of Williamson (1984) and
Catling (1990), increases the number of known auto-pollinating
Eulophia species to 11 (following Thomas' (1998) suggestion
that two of Williamson's (1984) taxa are synonyms). Auto-
pollinating species of Eulophia therefore represent 30% of the 37
taxa that have been examined to date (Lock and Profita, 1975;
Williamson, 1984; Catling, 1990; as well as the 29 taxa examined
by Peter, 2009), which is similar to the overall incidence of auto-
pollination in the Orchidaceae (Catling, 1990; Peter, 2009).
The taxa described here all support a floral “syndrome” of
autonomous self-pollination in Orchidaceae. Key features of such
a “syndrome” include: high levels of fruit set; small, relativelydull-coloured flowerswhich often show various deformities to the
petals and gynostemium; as well as flowers which hardly open or
open only for a brief period.
Using this “syndrome”, albeit without being able to confirm
a mechanism, it is possible to predict that another Eulophia
species, E. milnei, is possibly an autonomously self-pollinating
species. Photographs of this species in a number of books (La
Croix et al., 1991; Linder and Kurzweil, 1999) show the vast
majority of flowers developing capsules. This species has small
dull cream-green flowers that open poorly. However, this
remains a hypothesis in the absence of data on a mechanism of
autonomous self-pollination in E. milnei. As noted below, it is
possible that other factors such as insect parasitization or the
presence of rewards (cf. Peter and Johnson, 2009) may lead to
the high levels of fruit set seen in E. milnei.
High rates of fruit set are obviously one of the key traits of an
“autonomous self-pollination syndrome.” However, given that
parasitizing insects are recorded as leading to the development
of pseudo-fruits lacking viable seeds in several outcrossing
Eulophia species, this trait needs to be used in conjunction with
the determination of mechanisms such as the absence of the
rostellum, and possibly the behaviour of the pollinarium before
inferring autonomous self-pollination in Eulophia and related
taxa such as species in the genus Acrolophia.Acknowledgements
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